The future is uncertain, not just in terms of the magnitude and pattern of climate change but also how socio-economic development will unfold and what that pathway could mean for the vulnerability and resilience of future populations to the health risks of climate change. Scenarios are standard tools for exploring how these health risks might change under different development assumptions (and how climate change could itself affect development), including the timing and effectiveness of adaptation and mitigation policies. Scenarios typically include qualitative and quantitative descriptions of atmospheric composition, climate change and associated physical impacts, and socio-economic development pathways. Although existing scenarios contain factors relevant for exploring health risks in a changing climate, additional variables are needed to project social, economic, demographic and ecological dynamics likely to affect future health burdens, as well as to describe how governance and institutions might change to increase resilience to current and future health risks. New scenarios are needed to explore health-related questions about the future. Professor McMichael's extensive publications on global environmental change focus on questions of how climate change could affect the future sustainability of life on Earth, including how history can illuminate factors determining population health vulnerability.
Introduction
Climate change will continue to alter weather patterns over coming decades, including more frequent and intense extreme weather and climate events; increases in the average and local variability of temperature, precipitation and other weather variables; and rises in sea level (e.g. IPCC, 2007 IPCC, , 2012 . Projections of the magnitude and pattern of these changes offer an opportunity for public health (and other sectors) to modify current policies and measures proactively and develop new means to manage known and anticipated risks effectively and efficiently.
While projections of how the climate could change are necessary, they are insufficient to project health impacts and manage risk. Climate is one of many drivers of climate-sensitive health outcomes. Other drivers also will change over coming decades, including increases in population (albeit not uniformly around the world), the social determinants of health will change from global to local scales, new technologies will be identified and the policy environment for adaptation and mitigation will evolve at the international and national level. Understanding how these other drivers might change will be important for understanding the magnitude and extent of possible impacts. This information is critical for effective risk management, including identifying opportunities for modifying current and planned policies and measures to increase resilience over future decades.
Scenarios are standard tools to understand the magnitude and extent of changes in climate and associated risks, the degree to which mitigation and adaptation policies can reduce risks, the interactions among and trade-offs between climate change impacts, and adaptation and mitigation policies, and the relationship between climate change and development. Scenarios typically include qualitative and quantitative descriptions of socio-economic development pathways, atmospheric composition, and climate change and associated physical impacts.
One focus of Professor McMichael's extensive publications is on questions of how global environmental change could affect the future sustainability of life on Earth, including insights into thinking about development pathways (c.f. McMichael, 2001 McMichael, , 2008 McMichael, , 2012 McMichael and Lindgren, 2011) .
Approaches to and History of Scenario Development
There are two basic approaches for developing scenarios (Ebi and Gamble, 2005) . One is to envision a particular future at a particular date and then work backwards to determine the policies, measures and technology developments that are needed to achieve that future. This was the approach used for the Millennium Development Goals (MDGs) (UN Millennium Project, 2005) . Specific activities (e.g. national programmes, funding) were recommended to achieve each goal, with the activities updated regularly based on monitoring and evaluation of the efforts to achieve national targets. For example, one goal is to reduce by two-thirds, between 1990 and 2015, the under-five mortality rate. In 2010, it was reported that the number of children in developing countries who died before they reached the age of 5 dropped, between 1990 and 2008, from 100 to 72 deaths per 1000 live births (www.un.org/millenniumgoals/pdf/ MDG_FS_4_EN.pdf). However, of the 67 countries defined as having high child mortality rates, only 10 are currently on track to meet the MDG target. Activities were proposed or initiated to accelerate the reduction in child mortality to reach the goal in a timely manner.
Another approach, commonly used in the global change research community, is to describe internally consistent pathways from the near to the far future that can be used to explore the possible impacts of climate change under different development pathways, including the possible costs, benefits and harms of adaptation and mitigation policies. Over the past decade, projections of climate change and scenario-based analyses of impacts, adaptation and mitigation have been based primarily on the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emission Scenarios (SRES) (Nakicenovic et al., 2000) , developed to represent the range of driving forces and emissions in the scenario literature, including reflecting current understanding about underlying uncertainties. The SRES scenarios were developed by first creating internally consistent storylines of possible future worlds (Nakicenovic et al., 2000) .
The four main storylines (labelled A1, A2, B1 and B2) describe the relationships between the driving forces of greenhouse gases and sulphur emissions, and their evolution, with each storyline representing different demographic, social, economic, technological and environmental development pathways. The axes of the scenarios are worlds with a more global versus a more regional focus, and worlds with a more economic versus a more social/environmental focus (see Table 33 .1). For each storyline, several scenarios were developed using different models to examine the range of possible outcomes associated with similar assumptions about driving forces. Forty scenarios were quantified for the SRES report, six of which were selected as illustrative scenarios (one for each of the storylines, plus additional high and low emissions variants of the A1 storyline). By design, the SRES scenarios assumed no specifically targeted climate mitigation and adaptation policies and measures. Quantification of the storylines resulted in estimated emissions of greenhouse gases and sulphur that were used as input to climate models for projecting how patterns of weather variables, such as temperature and precipitation, could vary with climate change. These projections have been used to estimate possible impacts associated with each scenario (IPCC, 2007) .
The Millennium Ecosystem Assessment (MEA) was a large assessment of the current status, present trends and longer-term challenges to the world's ecosystems, including climate change and other sources of stress (MEA, 2005) . The MEA sought to assess changes in ecosystems in terms of the services they provided to people. It also examined the effects of ecosystem change on human well-being and identified and assessed methods to mitigate and respond to ecosystem change. Scenarios to 2050, with more limited projections to 2100, were developed in an iterative process, including consultations with potential scenario users and experts (Carpenter et al., 2005) .
Two basic dimensions of uncertainty in long-term ecosystem stresses were identified: globalisation (continuation and acceleration of present global integration trends) versus reversal of these trends (increasing separation and isolation of nations and regions); and whether responses to increasing ecosystem stresses were predominantly reactive (waiting until evidence of deterioration and loss of services were clear) or predominantly proactive (taking protective measures in advance of their clear need). The extreme values of each of these dimensions yielded four scenarios (see Table 33 .2). One chapter in the MEA described the implications for human well-being of the four scenarios based on qualitative analysis of the storylines, quantitative model results and an assessment of the assumptions underpinning the scenarios (Butler et al., 2005) . The extensive work on describing the components of human well-being (basic material needs for a good life; health; good social relations; security; and freedom of choice and action) will be helpful in underpinning the development of new scenarios for use by the health sector to explore the possible impacts of and adaptation and mitigation response options to manage the risks of global environmental change.
The Global Environmental Outlook 4 (GEO-4) conceptual framework is based on the drivers-pressures-state-impacts-responses framework that reflects the key components of the complex chain of cause and effect relationships that characterise the interactions between society and environment at all spatial scales (Agard et al., 2007) . Environmental changes are induced by drivers and caused by pressures, which also affect each other. Responses include measures by society for mitigating and adapting to environmental changes.
Through the GEO-4 scenario exercise, stakeholders explored the interplay between environmental issues in atmosphere, land, water and biodiversity. The scenarios were based on assumptions related to institutional and sociopolitical effectiveness, demographics, economic demand, trade and markets, scientific and technological innovation, value systems, and social and individual choices, and highlighted areas of uncertainty in the coming decades. The main scenarios are:
• Markets first: the private sector, with active government support, pursues maximum economic growth as the best path to improve the environment and human well-being. • Policy first: the government sector, with active private-and civic-sector support, implements strong policies intended to improve the environment and human well-being, while still emphasising economic development. • Security first: the government sector and the private sector vie for control in efforts to improve, or at least maintain, human well-being for mainly the rich and powerful in society.
Sustainability first: the civic, government and private sectors work collaboratively to improve the environment and human well-being for all, with a strong emphasis on equity.
Limitations of Current Scenarios
As the brief summaries of different scenarios indicate, some drivers of global change included in these scenarios are highly relevant to future health burdens, as well as to the effectiveness of future public health and health-care organisations and institutions whose mission is to manage adverse health outcomes. Drivers include population growth, general socio-economic development and the relative emphasis on developing new technologies and investing in research. Factors such as the extent to which countries collaborate suggest regional and international priorities for addressing adverse health outcomes in countries, particularly low-income countries, requiring external funding to manage risks.
Although important for developing narratives on how public health and health care might evolve over the coming decades, additional variables are needed to project social, economic, demographic and ecological dynamics that could affect future health burdens, as well as to describe how governance and institutions might change to increase resilience to current and future health risks (Ebi and Gamble, 2005) . For example, the effectiveness of vector control programmes, drug and pesticide resistance, land-use change, travel and a range of other variables not captured by the SRES and other scenarios will affect possible alterations in the geographic range of malaria due to climate change.
Projections and descriptions are needed, from the local to the global scale, to provide decision makers with policy-relevant insights into how the future might unfold. Health researchers and practitioners have been slow to provide input on the variables needed, resulting in scenarios without the richness needed to inform policy-and decision makers on the health risks of global change and the options for managing those risks effectively, including estimates of the health co-benefits and co-harms of mitigation and adaptation policies.
Scenarios also could be enriched with descriptions of the possible impacts of climate change on the frequency, duration, spatial extent and timing of extreme weather and climate events. The IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (IPCC, 2012) concluded that recent projections suggested the frequencies of heatwaves and of heavy precipitation are likely to increase in the 21st century over many regions.
There is evidence that droughts will intensify over the coming century in southern Europe and the Mediterranean region, central Europe, central North America, Central America and Mexico, north-east Brazil and southern Africa, but confidence is limited because of issues regarding how to classify and measure a drought, the lack of observational data and the inability of models to include all the factors that influence droughts (IPCC, 2012) . In addition, it is very likely that average sea level rise will contribute to upward trends in extreme coastal high-water levels. Further, the projected precipitation and temperature changes imply changes in floods, although, overall, there is low confidence at the global scale regarding climate-driven changes in the magnitude or frequency of riverrelated flooding, due to limited evidence and because the causes of regional changes are complex.
The effectiveness of particular policies and measures depend on local circumstances, including geography, development pathways, social and cultural contexts, financial and human resources and other factors. Developing scenarios to illustrate the possible risks of extreme weather and climate events would be helpful to ensure that disaster risk management and adaptation activities take into consideration how factors determining risk could evolve over time.
Health Transitions
One approach to thinking about future public health and health-care pathways is from the perspective of past health transitions (Ebi, 2008) . Over the past century, the populations in higher-income countries experienced socioeconomic, demographic and epidemiologic transitions from high to low fertility and mortality rates, as well as from high infectious to high chronic disease morbidity and mortality (Omran, 1998; Martens, 2002) . Incorporating health transitions into scenarios could provide more nuanced descriptions of possible future population health. Typically, three stages are used to describe these health transitions: the age of famine and infectious diseases, the age of receding pandemics and the age of chronic diseases (Omran, 1998 ).
• The age of famine is characterised by high fertility and low life expectancy, with infectious diseases the primary causes of death, inadequate food and safe water supplies, limited access to health care and education, insufficient social and economic capital and slow technology development. Many of the least-developed countries are in this stage.
• The age of receding pandemics is characterised by somewhat lower mortality rates and increased life expectancy, primarily from increased access to safe water and adequate nutrition, leading to a reduction in the prevalence of infectious diseases (Omran, 1998) . Higher-income countries entered this stage in the middle of the 19th century. Countries with economies in transition and some low-income countries are in this stage.
• The age of chronic diseases is characterised by improvements in health care and the social determinants of health (Martens, 2002) . Chronic diseases are the dominant causes of death, with continued improvements in social circumstances and economic growth, further increases in life expectancy and low fertility rates. High-and middle-income countries are in this stage.
Although many developed countries passed through these phases sequentially, health transitions in developing countries are more complex because recent and current socio-economic and political conditions differ from those prevailing when high-income countries were developing (Ebi, 2008) . Many currently developing countries are simultaneously in an age of receding pandemics and an age of chronic disease, with high burdens of infectious and chronic diseases (Martens, 2002) . Public health and health care are struggling to cope with this double burden, trying to reduce disease epidemics while also trying to reduce the health consequences of lifestyle choices, high levels of environmental exposures and other factors contributing to chronic disease burdens.
Possibilities for the next stages in the health transition include an age of emerging infectious diseases, an age of medical technology and/or an age of sustained health and an age of reduced life expectancy (Olshansky and Ault, 1986; Olshansky et al., 1998; Martens, 2002) .
• An age of emerging infectious diseases could result from the re-emergence of currently controlled infectious diseases and the simultaneous emergence of new infectious diseases. This transition would be characterised by increasing infectious disease rates in high-and low-income countries, with falling life expectancies and economic productivity. Factors facilitating this transition would include travel and trade, microbiological resistance, human behaviour, breakdowns in health systems and increased pressure on the environment (Barrett et al., 1998) . A number of worldwide events and trends suggest this transition is possible.
• Increased economic growth, investments in social and medical services and improvements in technology could lead to an age of medical technology and/or sustained health, with associated reductions in lifestyle-related diseases and the elimination of most infectious diseases (Martens, 2002) . Life expectancy would increase, with implications not only for medical care and other services but also for sectors from water to energy consumption. • Another possible pathway for future population health is a decrease in life expectancy and economic productivity owing to an increased burden of lifestyle-related diseases in high-and low-income countries. Trends supporting this health transition include projections for the burden of obesity and other lifestyle-related diseases in most countries (Mokdad et al., 1999 (Mokdad et al., , 2001 ).
Global issues not considered in many of these pathways could affect health transitions in complex and non-linear ways (Ebi, 2008) . Population health and economic growth are affected increasingly by conditions that transcend national borders and political jurisdictions, such as macroeconomic policies associated with international financial institutions, global trade agreements, water shortage and pollution that crosses borders (Labonte and Spiegel, 2003) . Further, climate change could affect a transition through potentially devastating impacts on ecosystems, agricultural productivity and water availability (Butler and Harley, 2010) . More work is needed to consider how these and other trends could influence socio-economic development, to further our understanding of the range of possible futures in which global change will be operating.
Discussion
Scenarios are valuable tools for exploring the range of possible interactions between human and natural systems and climate and other global environmental changes. However, developing scenarios is complex because of the multiple and interacting drivers of climate-sensitive health outcomes, with interactions among the drivers. Ebi and Gamble (2005) recommended that scenario building should first determine why the scenario was being built, such as risk management, to inform policy or for communication purposes. The purpose will influence the baseline variables to be included, the geographic and temporal scale of the scenario and the focus on vulnerability versus impact. The purpose also will determine the kind of scenario needed to achieve the aim, and the appropriate methods and tools for generating the scenario.
Scenarios developed to date have not focused sufficiently on health issues. Modifications of scenarios are needed that specifically identify and address health-related questions about the future. Considerations in health scenario development include:
• Identifying key determinants of population health and how they may evolve into the future. This includes consideration of how to incorporate development pathways.
• Incorporating adaptation, mitigation and adaptive capacity.
• Incorporating thresholds and non-linear events, such as extreme weather and climate events.
• Identifying events or processes that could change projected trends, leading to alternative futures. • Identifying and characterising critical uncertainties.
• Involving stakeholders in scenario development.
Conclusion
While the future is inherently uncertain, scenarios are important tools for providing insights into how the future could unfold and what those changes might mean for avoiding, preparing for, responding to and recovering from climate change impacts. Such insights are critical for informing strategies, policies and measures to increase population health resilience now and in the future.
